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CHAPTER I. INTRODUCTION 

The use of radar to measure attenuation and cross polarization dis-

crimination in propagation experiments has only recently begun to be fully 

explored. The I!-."TEL 433 experiment currently being conducted, under 

contract from INTELSAT, by the Satellite Communications Group at Virginia 

Polytechnic Institute and State University is designed to provide a year's 

worth of statistics showing the accuracy of using a radar to predict 

precipitation behavior. 

The purpose of this thesis is to outline two major areas of this ex-

periment. One of the parameters measured will be the drop size distrib-

ution of the precipitation observed by the radar. A device called a 

distrometer will be used to accomplish this end. The distrometer measures 

the size of raindrops that strike its sampling area, and this data is 

recorded by an IBM-PC. The use of IBM-PC's in the INTEL 433 propagation 

experiment is a second topic of this thesis. These flexible machines are 

in use for both data collection and control. 

Chapter two discusses the measurement of drop size distribution, the 

role it plays in propagation experiments and methods for measuring it. 

Chapter three provides an overall view of the propagation experiment in 

progress, and Chapter four discusses our own distrometer and related data 

collection system. Chapter five discusses other uses for IBM-PC's in our 

experiment, and Chapter six presents our conclusions. 
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CHAPTER II. THE MEASUREMENT OF DROP SIZE DISTRIBUTION 

In the field of propagation research, one of the many important con-

cerns is the nature of the attenuating media. A subset of this study of 

atmospheric phenomena is the measurement of drop size distribution. For 

the size of the droplets concerned has much to do with both rain rate and 

radar and receiver measured quantities. 

2.1 REVIEW OF RAINDROP SIZE DISTRIBUTION 

In this section we review the basics of "drop size distribution" as 

well as its uses. Sources in the literature contain a variety of dif-

ferent descriptions of the drop size distribution phenomenon. Many dif-

ferent uses for the measured distribution are discussed. 

2.1.1 THE PHYSICS OF DROP SIZE DISTRIBUTION 

The formation of raindrops in the earth's atmosphere is still not a 

completely understood process, in spite of exhaustive research. So many 

stochastic processes play a role in drop development that no one equation 

or one probability distribution function can completely describe it. 

Parts of the theory of these processes, however, are now regarded as un-

derstood. 

The formation of rain droplets begins with the condensation of a small 

amount of water on a hygroscopic salt particle suspended in the atmos-
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phere. This phenomenon actually depends on a number of factors. Tem-

perature, local saturated vapor pressure, the nature of the hygroscopic 

nucleus and its shape all play a significant part. As each of these 

factors are highly spatially dependent, the sizes of the drops thus formed 

vary greatly. Their radii are on the order of 10 microns [1]. 

After the formation of these small cloud droplets, other processes 

take over in their growth into rain drops. For drops with radii greater 

than 30 microns, coalescence plays a major role in droplet growth. 

Equations which describe this growth must account for droplet velocity 

distributions and collision effects, such as binary drop encounter which 

produces several small drops of radius around 80 microns without noticable 

change in the size of the parent drop [3]. Heat transfer effects also 

are important as drops grow and evaporate [1]. Eventually, the droplets 

reach a size that can no longer be supported by the vertical air current 

which support the cloud particles. The drops then fall as precipitation, 

continuing to coalesce, break apart, and evaporate as they fall. Another 

factor which influences each of these processes is the amount of dissolved 

salts present in the rain. 

Summarizing, conditions necessary for precipitation are: 

1. A sufficient supply of water vapor must be present. 

2. The air must be cooled below the temperature for condensation. 

3. The water vapor must condense, and 
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4. The particles must grow.until precipitation occurs [2]. 

The nature of each of these processes assures that a drop size distrib-

ution of a highly random nature will be present. 

2.1.2 DROP SIZE DISTRIBUTION AS AN EXPERIMENTAL QUANTITY 

The drop size distribution (DSD) has several uses in propagation ex-

periments. Many researchers have spent a great deal of time trying em-

pirically to describe drop size distribution [4,5,6,7 ,8,9], a result 

being a general consensus that different types of rain fit different re-

lations. One of the chief reasons for the intense interest in the DSD 

is the desire to use dual-polarized radar measured parameters to predict 

rain intensity. Much of the literature involving DSD is concerned with 

exactly this. 

The radar measured quantities concerned are horizontal reflectivity, 

ZH, and differential reflectivity, ZDR. The choice of ZH over vertical 

reflectivity, ZV, was made chiefly because, since raindrops are generally 

thought of as oblate spheroids falling with the longer axis horizontal 

[16], ZH gives a greater return. Differential reflectivity is defined 

as: ZDR = 10 log(ZH/ZV) dB. 

Efforts to relate radar measured quantities and drop size distribution 

have taken two basic directions. Some researchers have worked from the 

radar quantities ZH and ZDR to derive parameters which relate directly 

to DSD. For example, assume an empirical relation like that given by 

Marshall and Palmer [ 17] : 
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where N(D) is the number of drops per cubic meter 
e 

per millimeter range of D e' 
D is the equivalent spherical diameter of a drop, e 
D is the volume-median drop diameter, 

0 

and N is the value of N(D) for D = 0. 
0 e e 

(2.1-1) 

Now, ZDR may be used to estimate a value for D, and N then follows from 
0 0 

D0 and ZH[ll,14]. One of the problems with this approach is that it re-

quires the assumption of an empirical drop size distribution, none of 

which have been proven conclusively to accurately describe all rains even 

in a single location. Other errors such as uncertainty of radar constants 

can significantly bias results. 

A technique which lacks the subtle assumptions required by the 

radar-derived approach is that of deriving ZH and ZDR from measured 

distrometer data. No erroneous DSD assumptions are required, but, un-

fortunately, a drop shape like that described by Pruppacher and Pitter 

[18] must be assumed when computing the drops' radar cross section [11]. 

This assumption, however, does not appear as consequential as the DSD 

assumption [5, 14, 15]. Still, the sampling area of DSD measuring devices 

is small, while a radar can observe large areas of rain quickly, with high 

resolution. Both techniques give results with acceptable error. Goddard, 

Cherry and Bringi [15] have done work in this area. Despite differences 

in the sampling volumes of the distrometer and the radar, agreement be-

tween distrometer and radar were good. 

One further use of the measured DSD is in conjunction with radar 

measurements to predict path attenuation for comparison with receiver 

data. Goldhirsh [12] has found this technique to be feasible and has 
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begun to examine the possibility of using DSD measurements alone, with 

an accumulated radar data base, to predict attenuation by rain [13). 

Drop size distribution is an important quantity since it very nicely 

characterizes a rain storm. It has been and will continue to be used by 

both communication engineers and meteorologists. Of concern next must 

be the way or ways in which DSD can be measured. 

2.2 DSD MEASURING DEVICES/DISTROMETERS 

Almost every attribute possessed by raindrops has been used to measure 

drop size distribution. Volume, diameter, electric charge, momentum, 

optical scattering properties, velocity: all have played a role in the 

formulation of drop size distribution meters or distrometers. 

As early as 1895, Wiesner [19) used filter paper covered with dye to 

establish raindrop sizes. A known relation was used to compute drop size 

from the size of a spot created by a raindrop impact. A similar method 

consisted of exposing soot- covered slides to rain and cloud particles 

outside of an airplane [25]. Again, the size of the impact area was 

converted to drop volume by an established relation. 

Another "brute force" sizing method involves a pan of flour placed 

where it can collect raindrops. The resulting "pellets" are used with a 

mass relationship to calculate the size of the original raindrops. How-

ever tedious, the method has been seen to be accurate; Laws and Parsons 

[9] used the flour method to obtain their widely used drop size results 

in 1943: 

N(a) da = 1000/~·8~) • 3 R m(a) da/(a V(a)\ -3 
(m ) (2.1-2) 
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where N(a) is the number of drops of radius between a and da 
(a in mm) 

R is rain rate in mm/h 
V(a) is drop velocity in m/s and 
m(a) is drop mass 

Ugai, et al. [22] devised a method for accurately measuring the small 

drops with sizes below the range of other techniques. They caught drops 

in a pan of castor oil with its viscosity adjusted to prevent the drops 

breaking up upon impact. Drops floating beneath the surface of the oil 

were then measured, with a minimum measurable radius of 0.025 mm. 

Electrostatic distrometers, such as those of Keily and Millen [24], 

and Lammers [21],use the size-dependent electric charges of raindrops to 

sample drop size distribution. Keily and Millen's distrometer was used 

to sample small droplets aloft while Lammers sampled raindrops at ground 

level. In Keily and Millen's distrometer, small droplets are inhaled 

through a small opening at velocities near the speed of sound. This rapid 

acceleration fragments the droplets which then impact on an electrode, 

generating a voltage pulse whose amplitude is proportional to the size 

of the original droplet. 

An often used electro-mechanical distrometer is that devised by Joss 

and Waldvogel [20] in 1967. It was designed to keep a continuous record 

of drop sizes sampled during a rain shower. This device, pictured in 

Figure 2.1, measures the force of an impacting drop. The styrofoam body 

atop the distrometer acts as the impact surface and determines the sample 

area. When a drop strikes the styrofoam, the body moves in response to 

the force of impact. A coil attached to the base of the body is immersed 

in a magnetic field and thus senses the movement. A voltage induced in 
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Styrofoam 
body 

Output 

Figure 2.1 Joss and Waldvogel's electro-mechanical distrometer [20). 

Chapter II. The measurement of drop size distribution 
8 



the coil is fed into an amplifier and then into a second coil attached 

to the sensing body. This coil, in turn, returns the styrofoam body to 

its original position. This feedback improves the response time of the 

sensor [30]. The amplifier output is also the voltage output of the 

distrometer, indicating drop size. The sensor can record up to 200 drops 

per second with diameters 0.3 mm to 5.3 mm binned into 20 size groups. 

One of the weaknesses of the Joss-Waldvogel distrometer is its sen-

sitivity to storm conditions. Kinnell [28] suggests that the output of 

the device may be sensitive to both the velocity and shape of the drops 

in an unexpected way. In order to move from force to diameter, terminal 

fall velocity for the raindrops is assumed. Drops in a rainstorm fall 

sufficiently far for terminal velocity, as described by Gunn and Kinzer 

[32], to be a good assumption. The problem arises since vertical wind 

sheer and turbulent wind conditions in a rainstorm often alter drop ve-

locity. Drop shapes also vary depending upon the size of the drop [18]. 

Apparently, the impact is no longer adequately described by the drop's 

vertical momentum under these conditions. Both drop velocity and drop 

shape, then, may cause unacceptable experimental errors. 

A similar electro-dynamic raindrop spectrometer is described by 

Georgii and Jung [26]. The basic element of their distrometer is a 

seismometer which also reacts to the force of falling drops (see Figure 

2.2). The equation of motion, with system constants experimentally de-

rived, is as follows: 

m d2x/dt 2 + 2 ~ m dx/dt + w2 mx = M v B(t) 
0 

where m 
~ 
w 

0 

= mass of the swinging system 
= damping constant 
= natural frequency of the system 
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Figure 2.2 Georgii and Jung's electro-dynamic raindrop spectrometer [26]. 
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M = mass of raindrop 
v = terminal velocity of raindrop 
5(t) = force of impacting drop 

The impact surface has an area of 20 cm2 and a top beveled to 25° to allow 

runoff. Drops are sampled in the range of 0.6 mm to 3.25 mm in diameter. 

Because of this limitation, small drops are often undersampled. 

P. J. A. Kinnell [27] investigated the acoustic sampling of rain drops 

(see Figure 2.3). Oscillations induced when a raindrop strikes a target 

are transmitted through a fluid, in this case air, to a dynamic microphone 

four centimeters below. Signal conditioning electronics attached to the 

microphone produce a volt~ge whose value is proportional to the drop mo-

mentum. Like the Joss-Waldvogel distrometer, however, this device ap-

pears to be sensitive to variations of drop fall speed from terminal 

velocity and to drop shape. Kinnell suggests that this may result from 

the inelastic nature of the drops' collision with the distrometer and from 

the nature of the drop collapse. 

Yet another method for evaluating drop size involves optical imaging 

and optical transmission. Wang, et al. [23] developed a device which 

measures amplitude scintillations at an optical detector by raindrops 

(Figure 2.4). Electromagnetic field theory shows that the interruption 

of a laser beam by a raindrop yields an Airy diffraction pattern. A 

collimated laser beam intersects two linearly shaped detectors spaced a 

distance z apart. The raindrops create a signal at each detector which 
0 

is then correlated to obtain the time-lagged cross-correlation function 

for different time lags,,. For any given,, only the drops with a ter-

minal velocity near z /, will contribute significantly to the correlation 
0 
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Figure 2.4 Optical distrometer by Wang, et.al. [23]. 
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function. Measuring the correlation for different values of t produces 

the path-averaged velocity distribution of raindrops. Using Gunn and 

Kinzer's [32] results for drop terminal velocities, the distribution is 

converted to a drop size distribution. Measurements with Wangrs 

distrometer compared well with raingauge measurements. 

Knollenburg [29] used an array of optical fibers fanned out on one 

end to photomultiplier tubes as a drop size detector. Normally, a 

collimated light beam is focused oz:i the array of 100µ fibers. When a drop 

intercepts the light beam, a certain number of fibers are occluded. The 

shadow size can then be related to the drop size creating an effective 

distrometer. 

A passive impact sensor is currently being developed at John Hopkins 

Advanced Physics Laboratories [30] consisting of a solid block of epoxy 

with a piezoelectric transducer cast inside. It is a true acoustic sensor 

with resonant characteristics determined by the epoxy. When a drop 

strikes the surface of the epoxy, vibrations are created which are sensed 

by the transducer. The voltage waveform then output by the transducer 

has the form of a sinusoid overlayed by a triangular wave; its integral 

can be translated into drop diameter. This sensor has a particularly fast 

response time and can resolve a wide range of drop sizes, but no labora-

tory results have yet been collected. 

One final distrometer is also a passive momentum device. It is the 

passive plexiglass distrometer developed by Flach [33] and built at APL 

as described by Rowland [30, 31], and is pictured in Figure 2.5. The 

impact surface is a cylinder of plexiglass with a beveled top to allow 

runoff. The collection area is 46 cm2 . Mechanical deformations of the 

Chapter II. The measurement of drop size distribution 14 



Brus tubing -_...-

Piewclectric 
transducer 

~ Output connectors 

--------·--------

transducer 

Plexiglau 

Rubber "O" rings --Scale 1" 

Gasket 

Figure 2.5 Rowland's passive plexiglass distrometer [30, 31), 
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plexiglass caused by impacting raindrops are transmitted to a 

piezoelectric transducer below. The transducer and plexiglass are both 

attached to a massive brass base. 

The brass plate's size determines the resonant dynamics of the system. 

Experiments with APL's sensor have shown an output decay time of 1.2 ms 

to 33% of the peak value. The output of the transducer, an exponentially 

decaying sine wave, is fed into signal conditioning electronics which 

compress the signal and sample its peak value. This value, on the order 

of one volt per millimeter of drop diameter, is digitized to eight bits 

and recorded by an audio tape recorder. Laboratory experiments conducted 

by APL indicate that this sensor is not noticeably sensitive to altered 

drop velocities and drop shapes in the manner of previously discussed 

distrometers. Rain data were not noticeably influenced by vertical wind 

shears of up to ±3m/s. This sensor was chosen for use in the INTEL 433 

experiment and will be described in more detail in Chapter four. 

2.3 DATA COLLECTION AND RECORDING 

The collection of raindrop data for drop size distribution studies 

has gone through an evolution as extensive as the distrometer itself. 

Initial measurements such as Wiesner's dye covered filter paper or the 

flour method used by Laws & Parsons [9] or even Ugai's [22] technique of 

catching drops in a pan of oil require hand measurement of each sampled 

drop. Any large amount of data would require similarly large amounts of 

time and labor to record. 
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More practical methods of data collection have been developed since 

the advent of digital circuitry. The analog pulse outputs of the 

distrometers are now digitized to enable a wide range of recording devices 

to be used. A commercial version of the Joss-Waldvogel distrometer pro-

vides digital output enabling connection to punched tape, magnetic tape, 

etc. APL's passive plexiglass distrometer sensor has its output digitized 

then recorded by an audio tape recorder. Knollenburg's optical array [29] 

has the output of each photodetector fed into a digital memory element 

to record drop shadows. Kinnell's acoustically measured water drops are 

recorded by a digital voltmeter [27], and Georgii and Jung's measurements 

are fed into a 400 channel pulse height analyzer. 

Now, with the increasing popularity of the small computer, exper-

imenters are using these versatile machines to sample and partially reduce 

distrometer data. The digitized output of the Joss-Waldvogel sensor can 

be fed directly into a computer. Wang, et al. (23] used a computer in 

conjunction with a tape recorder to extract their data, and Goldhirsh [13] 

also collected data with an HP mini-computer. The IBM-PC used in the 

Intel-433 experiment for data collection and reduction will be described 

in detail in Chapter four. 
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CHAPTER Ill. THE INTEL 433 PROPAGATION EXPERIMENT 

The INTEL 433 project is entitled "Systematic Investigation of Prop-

agation Impairments Using a Dual-Polarized Radar" [36). The main exper-

imental objective is the comparison of attenuation and cross-polarization 

discrimination (XPD) measurements at 11.452 GHz on two slant paths with 

the values of attenuation and XPD predicted from radar-acquired data. 

The satellite signal which is monitored is an 11.452 GHz beacon from the 

geosynchronous INTELSAT V spacecraft at 335° longitude. Figure 3.1 gives 

a pictorial overview of the experiment. 

3.1 EXPERIMENTAL DATA COLLECTION EQUIPMENT 

The experimental facilities are located at two measurement sites a 

distance 7.3 km apart. The main receiving terminal (or 01 site) is the 

location of the S-band (2800 MHz) Octopod radar which is described in 

Section 3.1.1. Also located here are two dual-polarized receivers, an 

X-band PPI surveillance radar to provide warning of approaching storms, 

two tipping-bucket raingauges, an Ithaca Intersystems S-100 bus data ac-

quisition computer, and an off-line Harris H-800 data reduction computer. 

The remote (or 02) site also has a dual-polarized receiver, two tipping-

bucket raingauges, the distrometer system discussed in Chapter four, and 

an IBM personal computer for data collection. The two sites are inter-

connected via a telemetry link between the IBM-PC and S-100 computer. 
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Figure 3.1 Experimental set-up for the INTEL433 experiment. 
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3.1.1 THE OCTOPOD RADAR 

The Octopod Radar was constructed from an S-band long-range tracking 

radar used originally in the NASA Mercury program. The peak transmitted 

pulse power is 250 kW with a pulse length of 0.8 microseconds and a re-

petition rate of 480 Hz. Received pulses are partitioned into 256 range 

gates of 255 meters length. The antenna is a ten foot parabolic reflector 

with a beamwidth of 2.5°. The capability was added to the original radar 

system for transmission of linearly polarized pulses successively in 

eight polarization planes spaced 22.5° apart with a switching rate of 8.3 

ms between orthogonal planes [37]. 

Collection of data is controlled by a Z-80 microprocessor-based ex-

periment controller which is in turn controlled by the S-100 computer. 

The S-100 is used to down load the desired operating system into the Z-80 

and to record reflectivity and differential reflectivity in eight 

polarizations and 256 range gates. 

The incident polarization is selectable between 0° and 22°. Also 

selectable are the range gate length between 255m and 510m, the number 

of range gates, and the number of polarization planes. These capabilities 

allow a great deal of flexibility in radar data collection. A more in-

depth discussion of the Octopod Radar may be found in Andrews, et al. 

[37]. 

In this experiment the radar collects reflectivity data along the two 

slant paths monitored by the main and remote site receivers. The path 

measured from the 01 site is colocated, meaning the radar is able to look 

directly along the path to make measurements. The 02 path, however, re-
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quires a slant plane scan followed by reconstruction to extract the 

reflectivities that correspond to a direct look up the path. Range-

height-intensity (RHI) measurements will also be made through the 01 slant 

path and over the 02 site. These additional measurements will be used 

to synthesize alternate paths. The scan pattern necessary for continuous 

collection of all of the required data is pictured in Figure 3.2. The 

radar antenna is controlled by an IBM-PC at the main site which controls 

the data collection timing. More information about this PC will be given 

in Chapter five. 

3.1.2 TIPPING BUCKET RAINGAUGES 

Tipping bucket raingauges are named for their manner of operation. 

When a small "bucket" inside the gauge becomes filled with rain water, 

it tips over and trips a mercury switch which causes a voltage pulse to 

be applied to the output line. Sampling the number of trips in a given 

time period and making use of the known sizes of bucket and funnel leads 

to a measured rain rate. 

The Virginia Tech Satcom Group has set up a network of raingauges 

including two each at the main and remote sites. These gauges are pri-

marily used for amassing rainrate statistics in the Blacksburg area. Four 

of them, two at each site, will be used to collect data specific to the 

INTEL experiment. 

The two data collection sites have rain gauges which are identical: 

one 20-inch aperture gauge for accuracy at low rainrates and one 8-inch 

aperture gauge for high rainrate accuracy. The small mouth gauge is de-
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Figure 3.2 Radar antenna scan pattern. 
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signed to cover rainrates between 20 and 300 mm/hr, while the larger 

funnel gauge covers the range 1-20 mm/hr. 

The specific use for site raingauge data in the INTEL 433 experiment 

is as an accuracy check for distrometer data. The integral of the drop 

size distribution measured by the distrometer can be compared to the 

rainrate measured by the two rain gauges at the 02 site. We expect to 

see agreement to within several mm/hr, so a significant difference may 

reveal a system calibration error. 

The procedure for calculating rainrate from distrometer data is as 

follows. What must be calculated is the amount of water in a given volume 

(namely that seen by the distrometer) and the rate at which the water is 

falling. Assuming spherical drops gives an individual drop volume of 4/3 
3 

~ (D/2) , where Dis the drop diameter in mm. Distrometer data is binned 

into the number of drops per certain size range, so for calculational 

purposes, the median drop size per bin is used. Then, the number of drops 

per bin times the volume of the median drop size times the terminal ve-

locity of the median drop size gives the contribution to the rain rate 

of a bin. A summation over all of the bins will give rain rate seen by 

the distrometer. Equation 3.1-1 summarizes this procedure. 

R = ~/6 I D3 N(D) V(D) oD (mm/h) [6] (3.1-1) 
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3.2 EXPERIMENTAL OBJECTIVES 

3.2.1 OVERALL PREDICTION OF A AND XPD 

Most important in the prediction of satellite link performance is the 

rain/ice intensity distribution. Certain reasonable assumptions allow 

the inference of medium parameters from radar and distrometer measure-

ments. These assumptions include: 1) precipitation parameters are 

uniform over a single reflectivity cell, and 2) rainstorms consist of a 

mixture of spherical and oblate spheroidal raindrops. 

The drop size distribution is assumed to be a gamma distribution of 

the form: 

N(D) = N Dm 
0 

-AD e 

where N(D) is number of drops of a given diameter D 
N is an experimentally determined constant 

0 

related to drop size/rain type 
A is a measure of distribution width, also 

experimentally determined 

(3.2-1) 

mis a constant which for our purposes is either 
0, 2, or 5 

From radar reflectivity, N may be inferred, and from reflectivity and 
0 

differential reflectivity, A, a mean canting angle, 8, and a rainrate R 

may be derived. Distrometer and raingauge measurements provide ground 

level N, A, and R [36]. 
0 

At this point some kind of comparison between radar and distrometer 

measurements is to be made. This is a topic of Section 3.2.2. In any 

case, the combined radar and distrometer measurements together with ap-

propriate assumptions will be used to calculate path attenuation and XPD 
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for each of the slant paths. The predicted A and XPD will then be compared 

with their respective receiver-measured values and, if necessary, iter-

ation of parameters may take place. Radar data collected for other paths 

in conjunction with the data from the comparison above can then be used 

to calculate A and XPD for other paths. 

3.2.2 RELEVANCE OF DISTROMETER MEASUREMENTS 

Two ways of incorporating distrometer measurements into the process 

of predicting A and XPD are under consideration. One method involves the 

use of radar reflectivity and ZDR to compute the N and A parameters of 
0 

a drop size distribution which is assumed to be gamma. The radar data 

predictions in bins above the distrometer and raingauges can then be 

compared with the distribution parameters measured by the weather in-

struments and adjustments scaled for all bins up the path. 

The second method for the use of distrometer data is the most favored 

at this point. No distribution shape is assumed. The actual drop size 

distribution measured by the distrometer is used to compute a 

reflectivity,Z, and ZDR. The predicted values are then compared with 

radar measurements of Zand ZDR for the range cell immediately above the 

distrometer. 

The objective of both of the methods is to check for consistent bias 

in the radar measurements and as a general accuracy check. Some uncer-

tainty in the measurement of radar constants is unavoidable, and a con-

sistent difference between radar and distrometer data may allow the 

classification and elimination of this error. 
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The accuracy of the comparison itself may be affected by many factors. 

Of course, a one-to-one correspondence between measured reflectivity and 

distrometer predicted reflectivity is not expected. If the distrometer 

prediction is assumed to be correct, the radar measured points should 

scatter about the distrometer curve. 

One point of reduced accuracy involves sampling volume. The 

distrometer samples the drop size distribution for a vertical column only 

as wide as the distrometer sampling area. The reflectivity that these 

measurements predict is indicative only of a thin slice of the rainstorm. 

The radar, however, has a large sampling volume, and its measured 

reflectivity describes a region many times larger than that area covered 

by the distrometer. If the rainstorm is fairly uniform throughout, the 

error introduced by sampling would be small. But if the storm is turbu-

lent and widely inhomogeneous, the error in the distrometer predicted 

reflectivity and ZDR may be significant. 

Another source of error in the distrometer predictions also arises 

indirectly from sampling area differences. If a storm contains mostly 

large drops which are widely spaced, the radar may see a large 

reflectivity, while the distrometer may see only one or two drops and 

predict a small reflectivity. These and other biases must be considered 

when making comparisons between radar and distrometer data. 
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CHAPTER IV. THE DISTROMETER SYSTEM 

The distrometer system chosen for the INTEL 433 propagation experiment 

is a modified version of the APL distrometer [30,31]. The distrometer 

and related data collection system are located at one of two experimental 

data collection sites known as the Diversity Site. The two sites commu-

nicate via a computer driven telemetry link. 

4.1 SYSTEM DESCRIPTION 

The distrometer data collection system is diagrammed in Figure 4.1. 

The system consists of three major components; they are the distrometer 

head, signal conditioning electronics, and the IBM-PC with a resident 

interface board. The distrometer head is of the same design as that used 

by APL [31] and Rowland [30]. The electronics are also derived from de-

signs used by APL [31]. 

The distrometer head is shown in Figure 2.5 and described in Section 

2.2. The impact surface of the distrometer is a cylinder of plexiglass 

with a bevelled top to allow runoff. Raindrops striking the surface cause 

minute deformations of the plexiglass which are sensed by a transducer 

beneath the cy,linder. The transducer is mounted on a massive brass base 

to prevent damping of the raindrop oscillations. 

The transducer output voltage is an exponentially decaying sinusoid 

(see Figure 4.2). Its peak value is on the order of 50 millivolts per 

mm of drop diameter. The frequency characteristics of the sinusoid depend 
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Figure 4.2 Distrometer head transducer output. 
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strongly on the size of the brass base plate. Rowland [30] quoted a decay 

time of 1.2 milliseconds for the output to fall to 33% of its peak value. 

With a decay time on this order, drops falling 3 ms apart do not sig-

nificantly interfere with each other. Our sensor had a similar decay time 

of 1.5 ms. 

The voltage signal out of the transducer is fed into the second major 

system component, the signal conditioning electronics. Two individual 

boards play a role in this portion of the system. The first board, a 

pre-amplifier, is positioned directly beneath the transducer outputs (see 

Figure 4.3). The pre-amp used in this experiment is identical to that 

developed and used at APL. 

The two-inch section of wire that connects the distrometer head and 

the pre-amp greatly reduces noise pickup, particularly noise from a nearby 

AM radio station. The pre-amp circuit is encased in an aluminum box for 

shielding and is set, together with the distrometer head, on the top of 

a three foot pole at the data collection site. The pole places the 

distrometer above the worst of the wind turbulence encountered near the 

ground during storms. 

The next board in the signal path is a sample-and-hold circuit which 

prepares the signal for sampling by the computer. A shielded cable is 

run underground from the pre-amp into the small building where the re-

maining parts of the data collection system reside. 

At this point the system set-up begins to diverge from that used at 

APL. Their data recording system used a magnetic tape recorder to store 

digitized raindrop data. Necessarily, their sample-and-hold board in-

eluded an analog-to-digital converter and circuitry to control the re-
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corder. These functions are performed by the IBM-PC and its interface 

board, so this part of APL's circuitry has been eliminated from our board. 

The circuitry for the INTEL 433 sample-and-hold board is a subset of 

that used by APL and is shown in Figure 4.4. Included in the circuitry 

is the ability to choose between any number of drops which all strike the 

plexiglass target between computer samples. The circuitry selects the 

largest of the drops which strike during any given 3 ms sample period. 

Large drops occur much less often than small drops; therefore, from in-

formation theory, the larger the drop, the more information contained in 

its sample. 

The signal out of the sample-and-hold is ready to be fed into an IBM-PC 

by means of an analog-to-digital converter channel on a specialized 
' interface board. The board is a Data Translation Corporation DT2808 

multipurpose interface board (see Figure 4.5) that plugs directly into 

the PC chassis. Under control of the PC, this board samples the signal 

from the distrometer, and the data are stored in the computer. The three 

millisecond sample period easily incorporates the 1.2 ms decay time quoted 

by Rowland [30] while allowing sufficient accuracy for the drop size 

distribution. 

4.2 SIGNAL CONDITIONING ELECTRONICS 

4.2.1 THE PREAMPLIFIER 

The pre-amplifier used in the INTEL 433 experiment is identical to 

that used by APL. The circuit diagram is given in Figure 4.3. The first 
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Figure 4.5 The Data-Translation DT2808 interface board. 

Chapter IV. The distrometer system 34 



stage of the pre-amp circuit serves a dual purpose. First, it acts as a 

bandpass filter centered at 2.5 KHz, the resonant frequency of the sensor, 

to remove low frequency vibrations from the distrometer head and inter-

ference. Both the copper and brass portions of the sensor help to make 

it an excellent antenna for various types of interference. The connecting 

cables and pre-amp circuit also receive electromagnetic interference that 

can, at times, completely obliterate small drops in the signal output. 

Also in the first stage amplifier is a thermistor to compensate partially 

for the temperature sensitivity of the next stage, the bipolar log am-

plifier. 

The second and third amplifier stages give a first order conversion 

of the signal from proportionality between amplitude and momentum to am-

plitude dependence on diameter. The relationship between drop diameter 

and peak signal amplitude is not linear at this point. This is the pur-

pose of the fourth stage: to adjust the signal amplitude to conform more 

closely to a linear diameter/amplitude relation. A peak detector, whose 

output is the envelope of the positive portion of the damped sinewave, 

follows in the signal path. Finally, a buffer-line driver drives the 

signal over 20 feet of RG59/u cable to the indoor portion of the data 

collection system. 

4.2.2 THE SAMPLE-AND-HOLD BOARD 

A sample-and-hold circuit which prepares the signal for sampling by 

the computer accepts the preamp output as its input. Our circuit is di-

agrammed in Figure 4.4 and has been adapted from APL's digital encoder 
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to meet our data collection needs. The first stage of the sample-and-hold 

board is a DC restorer circuit. The output of the preamp is AC coupled 

to the input of the sample-and-hold circuit, but the preamp output has a 

DC voltage superimposed on the voltage produced by the raindrops. The 

DC restorer circuit is therefore necessary to correctly measure the am-

plitude of the voltage pulses. 

The signal then passes through a variable gain amplifier and into a 

sample-and-hold chip whose sample control is governed by two sources. 

The first is a circuit which selects a minimum drop size to sample. This 

helps to reduce oversampling of small drops due to noise and external 

vibrations picked up by the sensor. A potentiometer sets a control 

voltage on one input of a voltage comparator which is thus compared with 

the drop voltage out of the variable-gain amplifier. When the sampled 

drop voltage is larger than the voltage threshold set by the 

potentiometer, the sample-and-hold chip is instructed to sample. 

The second control on the sample-and-hold chip is a circuit which 

distinguishes between drops received within one 3 ms computer sample pe-

riod. The circuit ensures that if a new drop strikes the sensor which 

is larger than the drop currently being held, the chip will sample and 

hold the new drop voltage. Again, a voltage comparator is used to perform 

this function. The drop voltage currently being held is fed through a 

voltage follower into one input of the comparator while each new drop's 

voltage is fed into the other comparator input. The comparator output 

is logically "OR" ed with the output of the threshold control and fed to 

the sample control of the sample-and-hold chip. 
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Again, the reason for inclusion of this "choose the largest drop" 

circuit relates directly to the expected shape of the drop size distrib-

ution. If we expect that the distribution will take the form of an ex-

ponential, we see that large drops are much less probable than small 

drops. According to information theory, the information in an event is 

related to one over its probability of occurrence. Therefore, collection 

of larger drops should provide more information about the drop size dis-

tribution we are trying to measure. 

4.3 THE IBM-PC AND ITS INTERFACE BOARD 

From the signal conditioning electronics the analog voltage signal, 

which is proportional to drop size, is fed into an analog-to-digital 

converter channel of Data Translation's DT 2808 interface board (see 

figure 4.5). The board contains sixteen analog input channels which will 

accept signals in the Oto 5 volt range. They convert analog signals into 

ten bit digital words for input to the IBM-PC. The board also has sixteen 

bi-directional LSTTL digital lines which have a fan out of 30 LSTTL loads. 

The DT2808 also has two analog outputs which can supply voltages in a 

single-sided 0-5 volt range or a dual± 5 volt range (user selectable). 

These digital-to-analog output lines convert an eight bit word supplied 

by an IBM-PC into an analog signal of the corresponding voltage. More 

specific information on the board's specifications may be found in Ap-

pendix A and in the DT2808 Reference Handbook [35]. 

The DT2808 plugs directly into a single expansion slot in the PC 

chassis. The PC is a standard IBM personal computer with a color monitor, 
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an asynchronous communications adapter for communicating over a telemetry 

link with the main data collection site, and two 5 1/4 inch floppy disk 

drives. 

The PC samples the distrometer data line on a three millisecond period 

by means of an interrupt driven system. One of the channels of a three-

channel timer chip internal to the PC generates a system interrupt each 

time it completes its count. An interrupt service routine was developed 

which samples the distrometer input channel whenever timer channel one 

counts three milliseconds. Programs were developed in 8088 assembly 

language to eliminate timing problems. 

Unfortunately, the timer channel which is needed to generate 

distrometer sample interrupts is also the channel used by the PC to gen-

erate internal interrupts for control of the disk drives. Two parameters 

must be changed for use of the timer channel: the count number required 

to give a particular time interval and the interrupt service routine ad-

dress, but this leads to lockup if the disk drive is used. Even restoring 

the original parameters does not enable use of the disk drives. 

If the telemetry link should fail, it would be desirable to collect 

data and store it on the PC disk drives. A way to use both the timer and 

the disk drive must be found. Programming experiments have yet to yield 

a way to do this. 
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Figure 4.6 Diversity site data collection timing diagram. 
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4.4 THE DATA COLLECTION PROCESS 

In addition to distrometer data, the IBM-PC at the Diversity Site must 

sample a variety of other data sources. Figure 4.6 shows a timing diagram 

of the data sampling routine. 

Signals sampled include those from the distrometer, two rain gauges, two 

receiver channels, a temperature probe, and several status lines. The 

distrometer is sampled on a 3 ms basis, while raingauges are sampled every 

75 ms. Every 2 s, two receiver polarization channels (cross and co), a 

temperature probe, and several status lines are sampled. Each of these 

samples is then communicated over a telemetry link to the main data col-

lection site on a two second period. 

The timing of these processes is controlled by the interrupt driven 

system described in Section 4.3. The necessity for the interrupt basis 

comes from the required timing interlace. Each of the data sources is 

connected directly to the DT2808 interface board via one of the analog 

inputs also described in Section 4.3, except for the status lines which 

are tied to digital input lines. 

The distrometer sensor produces by far the most data of all the 

sources sampled, so a way was found to reduce the huge amount of data and 

make its use more practical. Instead of recording each of the individual 

drop voltages, the drops are "binned" into twenty-one bins according to 

their diameters. 

The bins are 0.25 mm wide with values beginning at 0.25 mm and ending 

at 5 mm. Two additional bins are the "below 0.25 mm" bin and the "above 

5 mm" bin. The bins include their lower and exclude their upper limits. 
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The choice of the size and range of the bins was made after an examination 

of other experimental procedures, especially Rowland's [30). Distrometer 

data is collected and binned for thirty second periods. Since the con-

tents of each of the bins is stored as a sixteen bit number, a total of 

65,535 drops can be collected in each bin each thirty seconds. For a 

rainrate of 300 mm/hr, the Marshall-Palmer distribution [ 17] predicts 

that slightly over 1300 drops will fall in the lowest bin in thirty sec-

onds. Since rain rates are almost always well below 300 mm/hr, the bins 

should not overflow. 

The assembly language program which performs the required tasks de-

scribed above, and its documentation, may be found in Appendix B. How-

ever, one note on its formulation should be made here. To control the 

DT2808 interface board, a status register must be checked before each 

command is issued. The Data Translation handbook for the DT2808 interface 

board [35) cautions that before informing the board of its next function, 

the second least significant bit of the status register must be cleared. 

In practice we have found that the program must also check to insure that 

the third least significant bit of the status register is set. This 

second requirement is not in the handbook, and failure to check both bits 

may result in an unrecoverable board error. 

4.5 THE CALIBRATION PROCEDURE 

The final topic concerning the INTEL 433 distrometer system is the 

procedure for calibrating the sensor. Although we know that the voltages 

sampled by the IBM-PC are approximately logarithmically related to the 
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diameters of drops striking the distrometer head, we do not know the 

specific nature of this relationship. A calibration must therefore be 

performed to establish the exact relationship between drop voltage and 

diameter for our particular sensor. 

One of the basic assumptions made in distrometer data collection is 

that the raindrops are falling at terminal velocity when they strike the 

sensor. Ideally, then, to calibrate our sensor, we need to make drops 

of known sizes throughout the range of interest fall a distance large 

enough to insure terminal velocity at the sensor, and then record the 

corresponding output voltages. For the larger drops in our range, the 

fall distance required is in excess of ten meters. The maximum height 

indoors (to ensure still air and non-interference) at our facility is 2.7 

m, so some means of compensation for velocity had to be found. 

The idea used to compensate for the lack of terminal velocity was 

ultimately derived from the way in which the APL distrometer was cali-

brated. For drops falling at other than terminal velocity, Rowland 

[30,31] calculated the quantity m V2/D where mis the drop mass calculated 

by weighing a known number of drops, Vis the actual drop velocity from 

Laws, 1941 [31], and Dis the drop diameter. An equivalent drop diameter 

was then read from a graph of m v2 /D vs. drop diameter with V = drop 

terminal velocity from Gunn and Kinzer [32]. Rowland [30] gives graphs 

showing the results of this procedure for various fall distances. His 

results indicate good accuracy for this technique (see Figure 4.7). 

The drop generation apparatus used for the INTEL 433 experiment is a 

standard hospital IV drip set with a selection of six needles. The nee-

dles generate drops with diameters in the range 3. 66 mm to 5. 29 mm. 
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Dropping these drops from our maximum height of 2.7 m, we then used the 

graph in Figure 4.8 to calculate actual drop velocity and the graph in 

Figure 4.9 to get drop mass and calculated drop momentum, m V. Then, 

using the calculated graph of momentum at terminal velocity vs. diameter 

in Figure 4.10, we calculated equivalent diameters in the range 3.25 mm 

to 4.72 mm. 

A numerical example of velocity compensation: 
Suppose that 75 drops were counted in one cc. The fall 
distance is 2.7 m. Drop volume, then, is 1/75 cc/drop. 

3 Drop volume, v = 4/3 ~ (D/2) . 
Solving, drop diameter, D = 2.942 mm. 
From Figure 4.8, read a fall speed of 5.8 m/s, for a 

drop of 2.94 mm falling 2.7 m. 
From Figure 4.9, read a mass of 10.33 mg for"- 2.94 mm 

drop. 
Drop momentum is then m•fall speed= 59.91 mg•m/s 
From Figure 4.10, read an equivalent diameter of 2.5 mm 

for a momentum of 5.99 g•cm/s. 

For smaller equivalent diameters we found that a height of 0.5 m was 

a sufficient fall distance, and for larger diameters we used the IV set 

without a needle at a height of 2.7 m to produce drops with equivalent 

diameters of 5.8 mm. Voltages out of the sample-and-hold board were re-

corded by the computer for each drop size and calculations completed by 

hand. 

The calibration procedure for our distrometer differed noticeably from 

that of others since we did not generate drops of the actual diameters 

required. By simply using a small range of drop sizes and exploring the 

available knowledge of drop fall velocities, we obtained a complete cal-

ibration easily. We also made use of the IBM-PC to sample drop voltages 

instead of hand-recording voltmeter readings. Figure 4.11 shows the re-

sults of the calibration of the INTEL 433 distrometer. 
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Figure 4.10 Raindrop momentum vs. diameter at terminal velocity [31]. 
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Summarizing the procedure: 

1. Release drops of known diameter from known height. 

2. Use Figure 4.7 to obtain drop velocity. 

3. Use Figure 4.8 to obtain drop mass. 

4. Calculate drop momentum, mass x velocity. 

5. Use Figure 4.9 to obtain equivalent drop diameter. 
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CHAPTER V. ADDITIONAL USES OF THE IBM-PC IN THE INTEL 433 

EXPERIMENT 

The two IBM-PC's used in the INTEL 433 experiment have a variety of 

tasks to perform, both related and unrelated to the distrometer system. 

The PC which samples the distrometer is located near that instrument at 

the remote site. The other PC, identical to the first save the addition 

of two components, is located at the main data collection site where its 

primary purpose is control of the radar antenna scan sequence. 

5.1 TELEMETRY LINK COMMUNICATIONS 

As mentioned in Section 4.3, the PC at the remote site has a variety 

of duties in addition to that of distrometer sampling. This PC is the 

controller of the telemetry link which enables communications between the 

two sites. Figure 5.1 shows the format of communications between the 

PC and the S-100 computer, located at the main site. The PC communicates 

the data it collects to the S-100 on roughly a two second basis. The S-100 

must request that data be sent before the PC is free to send, because the 

S-100 computer does not have time to monitor the link constantly. The 

link is interrupt driven on the PC end, but the S-100 lacks this capa-

bility. Since distrometer data is collected over a 30 s period, it cannot 

be shipped over the link in the manner of the other data. Because of this, 

distrometer data are collected and binned for 30 sand then the resulting 
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Message Code 
A 
B 
C 
D 
L 

Data 
RxCo 

" 
" 
" 

RxCo 
. 

-RxX Temp K 
" " 
" " 
" II 

RxX Temp K 

Status RG8 RG25 10 bytes Distrometer 
" " " " 
" " " " 
" " " " 

Status RG8 RG25 

L Continues until distrometer collection interval is up. 

Other communication codes: 
XOFF 
XON 
ACK 
NAK 
CONV 

stop sending 
reswne sending 
acknowledge 
message not okay 
convert, begin A-L cycle 

Figure 5.1 Format for telemetry communications between 01 and 02 sites. 
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twenty-one sixteen bit words are divided between data streams over the 

next 30 s. 

Appendix B contains the assembly language program statement listing 

that we devised to control operation of the remote site PC. Several error 

detecting devices are included to catch any errors which occur while the 

data are being transmitted over the telemetry link. A check sum, which 

is the logical "exclusive OR" of all of the eight bit data words sent in 

one data stream, is tacked onto the end of the data sequence to enable 

detection of one or more bit errors. If an error occurs, the data may 

be either retransmitted or neglected, depending upon its relative imper-

tance. Individual word parity (even) is also used as a word by word 

check. 

The remote site PC also monitors several status lines and communicates 

their values over the telemetry link. Power supplies at the 02 site are 

the chief concerns of the status word. If inaccurate voltage readings 

are detected on any of the lines, the S-100 will alert a station operator 

who will take steps to correct the problem. 

5.2 MAIN SITE ANTENNA CONTROL 

The main site PC is chiefly responsible for controlling the radar 

antenna scan sequence. A sketch of the path sequence is given in Figure 

3.2. This PC contains an additional board not present in the remote site 

PC. The board is a Metrabyte digital I/0 board with 24 bidirectional 
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lines. These lines are used for control of the radar antenna. Required 

antenna pointing coordinates are stored in the PC. 

A diagram of the antenna control system is given in Figure 5.2. The 

PC monitors the position of the radar antenna by means of two synchro-

to-digital converters, one each for the azimuth and elevation axes. The 

twelve bit outputs of the synchro-to-digital converters are multiplexed 

together by a specially designed board. Each axis position is read se-

quentially upon command by the PC via twelve of the digital lines avail-

able on the Metrabyte board. The other lines of this board control the 

multiplex board and output commands to the antenna. 

Once the PC has obtained the current antenna position, calculations 

are performed to determine what kind of antenna movement is required. 

Once movement direction and speed are established, the PC outputs the 

appropriate command word to eight of the digital lines of the Metrabyte 

board (four bits for each axis). A command word of 0000 signifies a step 

of that particular axis; 0001 is for up/right slow; 0010 for up/right 

fast; 0011 down/left slow; 0100, down/left fast. 

Each of the sets of four digital output lines is fed to a decoder which 

in turn sets an appropriate relay for the desired command. The relays 

drive a DC motor which is connected to a gear reducer to adjust rotational 

speed. The gear train drives an offset synchro in the feedback loop of 

the previously existing antenna drive system. The feedback loop detects 

the difference between the synchro and the current antenna position and 

drives the antenna until the difference is zero. 
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DC 
Gear 
Motor 

Synchro 

Offset 
Synchro 

.____,o-___. 
IBM-PC 

(Azimuth control is identical,) 

To Radar Data 
Acquisition System 

Figure 5.2 The radar antenna control system. 
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This process is used to progress the antenna through its continuous 

cycle. The PC alerts the radar data acquisition system, and effectively 

controls radar data collection timing, whenever a preset sample point in 

the scan is reached. 

5.3 COLOR DISPLAYS AND MISCELLANEOUS PC USES 

Although both of the IBM-PC's used in the INTEL 433 propagation ex-

periment are busy with their primary tasks of data collection and control, 

they can also be used to provide both real-time and time-history displays 

as well as to provide a log of operations. Because the primary tasks are 

interrupt driven, less important tasks, such as display work, can run 

simultaneously. 

The 01 site PC has two-way communication available with the radar data 

acquisition system. It is therefore a likely candidate for color 

reflectivity and ZDR displays. Eventually, it may have the capability 

to display reflectivity vs. range in any user-selected polarization, with 

the corresponding ZDR vs. range data, on a time-history graph. Also 

possible is the calculation and display of RHI reflectivity patterns and 

a PPI display. 

Various abortive attempts have shown that the BASIC language cannot 

service the PC's screen fast enough to allow acceptable display work. 

The access of the screen via 8088 assembly language graphics is much 

quicker and far more practical. 
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Another type of display useful to implement with both PC's involves 

various types of status information. The 02 site PC will display the 

values of each of the status lines that it samples and maybe some indi-

cation of the rain rate it is currently measuring. 

The 01 site PC will make use of its compact printer to keep a hardcopy 

record of the radar operation. If some kind of error should occur in the 

data collection, the hard copy of the radar operation sequence can be used 

to check for errors in the start-up of the radar. 
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CHAPTER VI. CONCLUSIONS AND RECOMMENDATIONS 

This thesis describes two parts of a propagation experiment to study 

the use of dual-polarized radar for predicting attenuation and cross polar 

discrimination along a satellite link. The two components described are 

the distrometer system used to sample drop size distribution throughout 

a storm and the IBM-PC used for controlling the radar antenna scan pat-

tern. A second IBM-PC is actually an integral part of the distrometer 

system. 

We selected a passive distrometer, designed by APL for their propa-

gation experiments [31], for the sensor of our system and adapted the 

electronics developed at APL for our own data collection structure. In-

stead of the magnetic tape recorder previously used with this sensor, we 

use an IBM-PC to collect data. The data are then shipped via a telemetry 

link to the main data collection site for storage and eventual processing. 

The IBM-PC which controls the radar antenna does so via a resident 

interface board. The existing control system of the antenna drive system 

is used to drive the antenna in the desired direction at the desired speed 

when an offset synchro in the loop is set to the demanded angle by the 

PC. 

Both IBM-PC's operate via an interrupt driven system written in 8088 

assembly language. This allows the real-time operation of a machine de-

signed for off-line use. The speed of the compiled assembly language 

allows for the performance of many functions simultaneously. 
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We would recommend that the problem of concurrent use of the PC's 

internal timer and disk drive be further investigate possibility of re-

writing a portion of the operating system be examined. Also, the devel-

opment of useful color displays in 8088 assembly language for the PC's 

would greatly increase the external monitoring capabilities of the sys-

tem. 
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APPENDIX A. THE DATA TRANSLATION DT2808 INTERFACE BOARD 

The purpose of this appendix is to augment the information about 

programming the DT2808 interface board found in its instruction manual. 

Four commands will be covered: analog-to-digital input, digital-to-

analog output, and both directions of digital transfer. 

A basic programming sequence is common to each command. Before 

sending anything to the board, the status register must be checked. 

First, the status register must be checked to see if the board is ready 

to receive a new command. The conditions that indicate that the board 

is ready to be given a new command are that the second least significant 

bit must be zero and the third least significant bit must be one. Then, 

certain command specific parameters must be sent, after checking the 

status register, of course. After the set-up has been completed, the 

desired input or output operation may be performed. 

Let us first go through the sequence for performing an analog input 

operation. The command is referred to as a "READ A/D IMMEDIATE" command 

by the DT2808 instruction book and is discussed on page 3-9 of that book. 

The command sequence is as follows. (Examples of assembly language that 

executes the required steps are given after each step.) 

1) Check status register to insure the required bits are 
set or cleared. 

WAIT: MOV 
IN 
AND 
JZ 

DX,2EDH 
AL,DX 
AL,04H 
WAIT 
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WAIT!: 

WAITZ: 

WAIT3: 

WAIT4: 

IN AL,DX 
AND AL,02H 
JNZ WAIT 

2) A zero gain code must be written to the data in register. 

MDV DX,2EDH 
IN AL,DX 
AND AL,02H 
JNZ WAIT! 
MDV AL,OH 
MDV DX,2ECH 
OUT DX,AL 

3) A number selecting the channel desired of the 16 possible 
analog input channels must be sent to the data in register. 

MDV DX,2EDH 
IN AL,DX 
AND AL,02H 
JNZ WAIT2 
MDV AL, (a hex number 0-16) 
~mv DX,2ECH 
OUT DX,AL 

4) Read in the high byte of the 10 bit number to be input. 

MDV DX,2EDH 
IN AL,DX 
AND AL,05H 
JZ WAIT3 
MDV DX,2ECH 
IN AL,DX 
MDV AL,BL 

5) Read in the high byte of the desired number. 

MDV DX,2EDH 
IN AL,DX 
AND AL,05H 
JZ \,TAIT4 
MDV DX,2ECH 
IN AL,DX 
MDV BH,AL 

The desired input value is now in register BX of the PC. 
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The next command reviewed will be the analog output command. The 

boards (DT2808's) in both PC's are configured for+/- 5 volt output range. 

The sequence follows. 

WT: 

WT2: 

1) Write the command to the command register similarly 
to the command write in step one of the previous example. 
The command value to be output after the status register 
check is 08H instead of the OCH value used before. 

2) Write a number to the data in register to select channel 
zero, channel one, or both. 

MDV 
IN 
AND 
JNZ 
MDV 
MDV 
OUT 

MDV 
IN 
AND 
JNZ 
MDV 
MDV 
OUT 

3) 

4) 

DX,2EDH 
AL,DX 
AL,02H 
WT 
DX,2ECH 
AL,(OOH, OlH,or 02H for both) 
DX,AL 

Write the required output byte to the data in register. 

DX,2EDH 
AL,DX 
AL,02H 
WT2 
DX,2ECH 
AL, (hex number to be output) 
DX,AL 

Write a zero to the data in register, same sequence as 
above. 

5) Write the output byte to channel 1 if both were chosen 
in step 2. 

6) Write a zero to the data in register if both channels 
were chosen in step 2. 

The next commands are the commands used for digital input and output. 

At the beginning of a program which will use the digital ports, however, 

both port O and port 1 must be set for the direction of communication flow 

that they will be used for. This involves the use of a "SET DIGITAL PORT 
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FOR INPUT" and a "SET DIGITAL PORT FOR OUTPUT" command. The sequence for 

these commands is as follows. 

1) Write command to the command register as in step one 
of previous commands. The command value for set input 
is 04H and for output is 05H. 

2) Write the port select to the data in register as in 
previous examples. Use OH for port 0, OlH for port!, 
and 02H for both. 

Input and output on the digital ports may now be performed. This command 

sequence follows. 

1) Write the appropriate command to the command register 
as in previously discussed step one's. The command 
is 06H for read input and 07H for write output. 

2) Write the port select to the data in register, OH for 
port 0, lH for port 1, 2H for both. 

3) Either read in data or write data from/to the data in 
register. Once for a single port, twice for both, as 
before. 

This is basically an outline of the most commonly used commands of 

the DT2808 board. Other commands and options are described in the in-

struction manual. Options include direct memory access, multiple con-

versions, etc. Just don't forget to check the status register!!! 
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APPENDIX B. THE DATA-SAMPLING TELEMETRY-CONTROL PROGRAM 

The data-sampling telemetry-control program is presented in its ori-

ginal assembly language form. Comments are spaced liberally throughout 

the program to indicate the functions being performed by that particular 

portion of the program. A brief explanation of the philosophy behind the 

programming technique will follow. 

The first portion of the program is the initialization section. 

Variables are defined, the communications modem is initialized to the 

decided upon conditions, as indicated in the program. The DT2808 A/D 

board is cleared and initialized, and its digital ports configured for 

use by the program. The PC's internal timer chip is set to a 3ms period 

so that the distrometer can be sampled on each interrupt. Then the in-

terrupt address table is set to point to two different interrupt routines 

included in the program. The first interrupt routine is the sample rou-

tine which is run every 3ms. The second routine is run whenever the PC 

receives a character from the modem. Then the program loops around and 

waits to receive an interrupt which it will then service as described 

above. 

The program distinguishes between five communications symbols which 

may be sent from the S100 over the telemetry link. XOFF means stop 

sending; XON means resume sending. A letter C signals readiness to re-

ceive collected data. A NACK means that an error was detected in the data 

just sent, so resend it, and an ACK signals the reception of good data. 
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The timer interrupt is also the data collection portion of the pro-

gram. Every 3 ms the distrometer is sampled and binned. Every 75 ms the 

raingauge lines are examined for trips, and every two seconds the re-

maining data sources are sampled. Every two seconds, also, the data is 

readied for shipment to the main data collection site. 
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STACK 

STACK 
DATA 

RXCO 
RXX 
TEMP 
DISTR 

DISTRSH 

RGS 
RG2~1 
RG252 
STATUS 
CN30 
CN 
CHCKSUM 
SHIP 
DISTPSH 
MCP 
POSIT 

VOLT 

DATA 
CODE 
MAIN 

SEGMENT P/:lRA STACK 'STACK' 
DB 100 DUP<O> 
ENDS 
SEGMENT PARA PUBLIC 'DATA' 

List of variables and storage for data collected 

DB 
DB 
DB 

0 
0 
<) 

DW 21 DUP CO). ;Storage for distrometer bins during 
data collection 

DW 21 DUP<O> ;Storage for distrometer bins during 
shiooing over telemetrv link 

OB 
OB 
OB 
CB 
OB 
DW 
OB 
DB 
DW 
DB 
DW 

OB 

ENDS 

0 
0 
0 
0 

,0 
0 
0 
0 
0 
0 
0 

0 

SEGMENT PARA 
PROC FAR 

;Counter for 30s oeriod 
;Counter for# for 3ms interruots 

:Flag to indicate to program when to ship data 

;Message code indicator,1-4=A-D and >4=L 
;Indicates position in ship in case XOFF 

is received in the middle of a data transfer 
;Storage for the voltage read in from the 

distrometer, ready for binning 

PUBLIC 'CODE' 

Standard program prologue 

ASSUME 
PUSH 
MDV 
PUSH 
MOV 
MOV 
ASSUME 

CS:CODE 
DS 
AX,O 
AX 
AX,DATA 
DS,AX 
DS:DATA 
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INITIALIZE MODEM 

MOV 
MOV 

OUT 
MOV 
MOV 
OUT 
MOV 
MOV 
OUT 
MOV 
MOV 

OUT 
MOV 
MOV 

OUT 
MOV 
MOV 

DX,3FBH 
AL,SOH 

DX,AL 
DX,3F8H 
AL,SOH 
DX,AL 
DX,3F9H 
AL,OlH 
DX,AL 
DX,3FBH 
AL, 1BH 

DX,Al 
DX,3FCH 
AL,OBH 

DX,AL 
DX,3F9H 
AL,OlH 

OUT DX,AL 

;Sets high order bit of line-control 
register to 1 to select baud rate set 

,selects 300 baud 

;Selects 300 baud 

!Line control ragistar, selects: @ven oaritv 
,parity bit,1 stop bit,8 bit characters 

,Modem control reQister1 fourth bit set 
, ~elects interrupts on 

iintarrupt-enabla register: enables receiver-
data-raadv intarruct 
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INITIALIZE AID BOARD 

MOV DX,2EDH 
IN AL,DX 
AND AL,70H :Check for i 11 egal st.atus register value 
JNZ ERROR 
MDV AL,OFH 
MDV DX,2EDH 
OUT DX,AL ; Stop the board 
MOV DX,2ECH 
IN AL,DX 

WT: MOV DX,2EDH 
IN AL,DX 
AND AL,04H 
JZ WT ;Wait until the board is readv to receive 

,i ni!W command 
MOV DX,2EDH 
MOV AL,OlH ; Cl ear the board 
OUT DX,AL 

' ; INITIALIZE DIGITAL PORT 1 FOR OUTPUT 

WO: MOV DX,2EDH 
IN AL,DX 
AND AL,04H 
JZ WO 
IN AL,DX 
AND AL,02H 
JNZ WO 
MOV AL,05H 
MOV DX,2EDH 
OUT DX,AL 

Wl: IN AL,DX 
AND AL, 02H 
JNZ Wl 
MOV AL,OlH 
MOV DX.2ECH 
OUT ox·, AL 
MOV AH,OH 
INT 16H 
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INITIALIZE TIMER CHIP 

MDV AL,36H 
OUT 43H,AL 
MDV BX,3580 ,Initialize chip ·for 3ms count period 
MDV AL,BL 
OUT 40H,AL 
MDV AL,BH 
OUT 40H,AL 

INTERRUPT ADDRESS TABLE SET-UP 

CLI 
MDV 
MDV 
MDV 
MDV 
STOSW 
MDV 
STOSW 

AX,O 
ES,AX 
DI ,20H 
AX,OFFSET SAMPLE 

AX,CS 

ENABLE APPROPRIATE INTERRUPTS 

MDV 
OUT 
STI 

LOOPH: NOP 
CMP 
JNE 
CALL 

BB: NOP 
JMP 

ERROR: NOP 

AL,OECH 
21H,AL 

;Loop here while waiting for timer 
SHIP,l 
BB or communications interrupts 
SHIPSUB 

When data transfer is reouested bv the SlOO 
LOOPH SHIP will be set to one and SHIPSUB is 

executed. 
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;This routine is for the purpose of shioping the requested data to 
the SlOO via the telemetrv link. 

SHIPSUB PROC NEAR 

KID: 

HH: 

First generate the checksum for the purposes of intergrity 
check. Add all data bytes to be shipped and subtract 

MDV 
MDV 
MDV 
MDV 
ADD 
MDV 
MDV 
ADD 
MDV 
MDV 
ADD 
MDV 
MDV 
ADD 
MDV 
MDV 
ADD 
MDV 
MDV 
MDV 
MDV 
ADD 
MDV 
ADD 
INC 
LOOP 
SUB 
MDV 
SUB 
MOV 
MDV 
MDV 
MDV 
CMP 
JNG 
MDV 
ADD 
OUT 
MDV 
OUT 
MDV 
OUT 
MDV 
OUT 

from ::ero. 
AL,RXCO 
BL,RXX 
AH,c) 
BH,O 
AX,BX 
BL,TEMP 
BH,O 
AX,BX 
BL,STATUS 
BH,O 
AX,BX 
BL,RGS 
BH,O 
AX,BX 
BL,RG251 
BH,O 
AX,BX 
CX,10 
BX, CDISTPSHJ 
DL,BH 
BH,O 
AX,BX 
DH,O 
AX,DX 
DISTPSH 
KID 
DISTPSH,10 
CX,OOH 
CX,AX 
BX,OFFSET CHCKSUM 
caxJ, ex 
DX,3F8H 
AL,MCP ;Establish the correct message code to send. 
AL,4 
HH 
AL,12 
AL,64 
OX,AL ;Send message code. 
AL,RXCD 
DX,AL ;Send reouired data bytes. 
AL,RXX 
DX,AL 
AL, TEMP 
DX,AL 
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MDV AL,STATUS 
OUT DX,AL 
MDV AL,RGB 
OUT DX,AL 
MDV AL,RG:251 
OUT DX.AL 
MDV CX~10 

KIDS: MDV AX, CDISTPSHJ 
OUT DX,AL 
MDV AL,AH 
OUT DX,AL 
INC DISTPSH 
LOOP KIDS 
MDV AL,CHCKSUM 
OUT DX,AL 
RET 

SHIF'SUB ENDF' 
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;This routine is for the purpose of ~-moling the reouired data 
according to the time counter. First, the distrometer 
is always Bamplad, and if the count is at a 75ms 
increment the raingauges are samoled~ Finally, if the 
count has reached the two second mark, the other data 
sources are also samoled. 

SAMPLE 
WAIT1 

WAITl: 

WAIT2: 

WAIT3: 

l<JAIT4: 

PROC 
MDV 
IN 
AND 
JZ 
IN 
AND 
JNZ 
MDV 
MDV 
OUT 
MDV 
IN 
ANO 
JNZ 
MDV 
MOV 
OUT 
MDV 
IN 
AND 
JNZ 
MDV 
MDV 
OUT 
MDV 
IN 
AND 
JZ 
MDV 
IN 
MDV 
MDV 
IN 
ANO 
JZ 
MDV 
IN 
MDV 

FAR 
DX,2EDH 
AL,DX 
AL,04H 
WAIT 
AL,DX 
AL,02H 
WAIT 
AL,OCH Select the read analog channel command 
OX,2EDH 
DX,AL 
OX,2EDH 
AL,OX 
AL,02H 
WAIT1 
AL,OH 
DX,2ECH 
DX,AL 
OX,2EDH 
AL,OX 
AL,02H 
WAITZ 
AL,OH 
DX,2ECH 
DX,AL 
OX,2EOH 
AL,OX 
AL,05H 
WAIT3 
DX,2ECH 
AL,DX 
BL,AL 
DX,2EDH 
AL,DX 
AL,05H 
WAIT4 
DX,2ECH 
AL,DX 
BH .. AL 
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BINNING PROCEDURE FOLLOWS 

CMP AX,103 
JG A 
INC DISTR 

A: CMP AX,154 
JG B 
MDV BX,OFFSET DISTR 
MDV CX,CBX+1J 
INC ex 
MDV CBX+1J,CX 
JMP DONE 

B: CMP AX,205 
JG C 
INC BX 
INC BX 
MOV CX,CBXl 
INC ex 
MDV CBXJ,CX 
JMP DONE 

C: CMP AX .. 256 
JG D 
INC BX 
MDV CX,CBXJ 
INC ex 
MDV CBXJ,CX 
JMP DONE 

D: CMP AX.307 
JG E 
INC BX 
MDV ex, cex 1 
INC ex 
MDV CBXJ,CX 
JMP DONE 

Appendix B. The Data-Sampling Telemetry-Control Program 72 



E: CMP AX,358 
JG F 
INC BX 
MOV ex, CBXJ 
INC ex 
MOV CBXJ,CX 
JMP DONE 

F: CMP AX,410 
JG G 
INC BX 
MOV CX,CBXJ 
INC ex 
MOV CBX],CX 
JMP DONE 

G: CMP. AX,461 
JG H 
INC BX 
MOV ex, csxJ 
INC ex 
MOV CBXJ,CX 
JMP DONE 

H: eMP AX,512 
JG I 
INC BX 
MDV CX,CBXJ 
INC ex 
MOV CBXJ,CX 

I: CMP AX,563 
JG J 
INC BX _., --.. , ~ 
INC 

'JI\!' L J;',1\ 4' 

ex 
MOV cax J, ex 
JMP DONE 
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J: CMP AX,615 
JG K 
INC BX 
MDV CX,CSXJ 
If'!C ex 
MDV CSXJ,CX 
JMP DONE 

V• CMP AX,666 
JG L 
INC BX 
MDV ex, csx J 
INC ex 
MDV CBXJ,CX 
JMP DONE 

L: CMP AX,717 
JG M 
INC sx 
MDV CX,CSXJ 
INC ex 
MDV CSXJ,CX 
JMP DONE 

M: CMP AX,768 
JG N 
INC BX 
MDV CX,CSXJ 
INC ex 
MOV csxJ ,ex 
JMP DONE 
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N1 CMP AX,819 
J(3 a 
INC BX 
MDV CX,CBXJ 
INC ex 
MDV CBXJ,CX 
JMP DONE 

0: CMP AX,871 
JG p 
INC BX 
MDV CX,CBXJ 
INC ex 
MDV CBXJ,CX 
JMP DONE 

P: CMP AX,922 
JG GI 
INC BX 
MDV ex, CBXJ 
INC ex 
MDV CBXJ,CX 
JMP DONE 

GI: CMP AX,973 
JG R 
INC BX 
MDV ex, CBXJ 
INC ex 
MDV CBXJ,CX 
JMP DONE 

R: INC BX 
MDV CX,CBXJ 
INC ex 
MOV CBXJ,CX 

DONE: NOP 
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MOV AX,CN 
CMP AX,2:5D 
JL JEXTl 
Sample the raingauges for trips 

WA ITO: MOV DX,2EDH 
IN AL,DX 
AND AL,04H 
JZ WAITO 
IN AL,DX 
AND AL,02H 
JNZ WAITO 
MOV AL,OCH 
MOV DX,2EDH 
OUT DX,AL 

WAIT01: MOV DX,2EDH. 
IN AL,DX 
AND AL.02H 
JNZ WAITOl 
MOV AL,OH 
MOV DX,2ECH 
OUT DX,AL 

WAIT02: MOV DX,2EDH 
IN AL,DX 

.AND AL,02H 
JMP LKJ 

JEXT11 JMP JEXT2 
LKJ: JNZ WAIT02 

MOV AL,04H 
MOV DX,2ECH 
OUT DX,AL 

WAIT03: MOV DX,2EDH 
IN AL,DX 
AND AL,0:5H 
JZ WAIT03 
MOV DX,2ECH 
IN AL,DX 
MOV BL,AL 
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WAIT04: MOV DX,2EOH 
IN AL,OX 
AND AL,05H 
JZ WAIT04 
MOV OX,2ECH 
IN AL,DX 
MOV BH,AL 
CMP BX,4H 
JL NOTRIP 
MOV BX,OFFSET RGB 
MOV CBXJ,AL 
JMP NOTRIP 

JEXT2: JMF' NEXT 
NOTRIP: NOP 

Second raingauge samole here 
WAITOO: MOV OX,2EOH 

IN AL,OX 
ANO AL,04H 
JZ WAITOO 
IN AL.OX 
AND AL'.02H 
JNZ WAITOO 
MOV AL,OCH 
MOV ox,::EDH 
OUT DX,AL 
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WAITOOl:MOV 
IN 
ANO 
JNZ 
MOV 
MOV 
OUT 

WAIT002:MOV 
IN 
ANO 
JNZ 
MOV 
MDV 
OUT 

WA IT003: MDV 
IN 
ANO 
JZ 
MDV 
IN 
MDV 

WA IT004: MDV 
IN 
AND 
JZ 
MDV 
IN 
MDV 
CMP 
JZ 
MDV 
MDV 
MDV 

NDTRIPl:NDP 

OX,2EDH 
AL.DX 
AL'.02H 
WAITOOl 
AL.OH 
ox'.2ECH 
OX,AL 
DX,2EDH 
AL.OX 
AL;02H 
WAIT002 
AL.04H 
ox;::ECH 
OX.AL 
ox;2EDH 
AL'.ox 
AL:osH 
WAIT003 
OX,2ECH 
AL,DX 
BL.AL 
ox:2EDH 
AL.OX 
AL'.OSH 
WAIT004 
DX,2ECH 
AL,DX 
BH,AL 
BX.OH 
NDTRIPl 
AL.BL 
BX;OFFSET RG251 
CBXJ,AL 
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NEXT: MOV AX,CN 
CMP AX,667D 
JL QUIT1 
If 2s interval has passed, sample receiver channels, etc. 

WTO: MOV DX,2EDH 
IN AL,DX 
AND AL,04H 
JZ WTO 
IN AL,DX 
AND AL,02H 
JNZ WTO 
MOV AL,OCH 
MDV DX,2EDH 
OUT DX,AL 

WT1: IN AL,DX 
AND AL,02H 
JNZ WT1 
MOV AL,OH 
MOV DX,2ECH 
OUT OX,AL 

WT2: MOV DX,2EDH 
IN AL,DX 
AND AL,02H 
JNZ WT2 
MDV AL,01H 
MOV DX,2ECH 
OUT OX,AL 

WT3: MOV DX,2EDH 
IN AL,DX 
AND AL,O:SH 
JZ WT3 
MOV DX.2ECH 
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IN AL,DX 
MOV AL,BL 
JMP WT4 

QUIT1: JMP QUIT2 
WT4: MOV DX,2EDH 

IN AL,DX 
AND AL,05H 
JZ WT4 
MOV DX,2ECH 
IN AL,DX 
NOV BH,AL 
MOV AX,BX 
MOV BX,OFFSET RXCO 
MDV CBXJ,AX 
Samol1i second r-ecei ver- channel 

WTOL: MOV DX,2EDH 
IN AL,DX 
AND AL.04H 
JZ WTOL 
IN AL,DX 
AND AL,02H 
JNZ WTOL 
MOV AL,OCH 
MOV DX,2EDH 
OUT DX,AL 

WTOl: MOV DX,2EDH 
IN AL,DX 
AND AL,02H 
JNZ WT01 
MOV AL,OH 
MOV DX,2ECH 
OUT DX,AL 
JMP WT02 

QUIT2: JMP QUIT 
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WT02: MDV DX,2EDH 
IN AL,DX 
AND AL,02H 
JNZ WT02 
MDV AL,02H 
MDV DX,2ECH 
OUT DX,AL 

WT03: MOV DX,2EDH 
IN AL,DX 
AND AL,05H 
JZ WT03 
MOV DX,2ECH 
IN AL,DX 
MDV BL,AL 

WT04: MDV DX,2EDH 
IN AL,DX 
AND AL,05H 
JZ WT04 
MDV DX,2ECH 
IN AL DX 
MDV BH,AL 
MDV AX,BX 
MDV BX,OFFSET RXX 
MDV CBXJ.AX 
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S.ampl e temperature WTOO: MOV DX,2EOH 
IN AL,OX 
ANO AL,04H 
JZ WTOO 
IN AL,DX 
AND AL,02H 
JNZ WTOO 
MDV AL,OCH 
MDV DX,2EDH 
OUT DX,AL 

WT001: MDV ox,:EOH 
IN AL,DX 
AND AL,02H 
JNZ WT001 
MDV AL,OH 
MDV ox,:ECH 
OUT DX,AL 

wToo:: MDV ox,:EDH 
IN AL,DX 
AND AL,02H 
JNZ wToo: 
MDV AL,03H 
MOV ox,:ECH 
OUT DX,AL 

WT003: MDV ox,:EDH 
IN AL,DX 
AND AL,05H 
JZ WT003 
MDV DX,2ECH 
IN AL,DX 
MDV BL,AL 

WT004: MDV ox,:EOH 
IN AL,DX 
AND AL,05H 
JZ WT004 
MDV ox,:ECH 
IN AL,DX 
MDV BH,AL 
MDV AX,BX 
MDV BX,OFFSET TEMP 
MDV CBX],AX 
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Samela status word 
WTOOO: MOV DX,2EDH 

IN AL,DX 
AND AL,02H 
JNZ WTOOO 
IN AL,DX 
AND AL,04H 
JZ WTOOO 
MOV . AL, 06H 
MOV DX,2EDH 
OUT DX,AL 

WT0001: MOV DX,2EDH 
IN AL,DX 
AND AL,02H 
JNZ WTOOOl 
MOV AL,OH 
MOV DX.2ECH 
OUT DX,AL 

WT0002: MOV OX,2EDH 
IN AL,DX 
AND AL,05H 
JZ WT0002 
MOV DX,2ECH 
IN AL.DX 
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MOV BX,OFFSET STATUS 
MOV CBXJ,AL 

QUIT: MOV AL,CN30 
CMP AL, 150 
JNE LT30S 
If 30s interval has passed, move distrometer 
MOV CX,19 
MOV SI,OFFSET DISTR 
MOV DI,OFFSET DISTRSH 
REP MOVSW 

LT30S: MOV AL,20H 
OUT 20H,AL 
IRET 

SAMPLE ENDP 
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;This routine determines the value of the character received bv the 
modem, as alerted by an interruot of the aoprooriate value. 
It then takes the aoprooriate action to obey the S100's 
command. 

COMCHAR PROC FAR 
MOV DX,3F8H 
IN AL,DX 
CMP AL,6 
JZ FLOWTHR 
CMP AL,67 
JZ JJ 
CMP AL,21 
JZ NACI( 
CMF' AL,19 
JZ XOFF 
CMF' AL,17 
JZ XON 
JMP FLOWTHR 

XON: POP BX 
MDV AX,POSIT 
PUSH AX 
JMP FLOWTHR 

XOFF1 MDV BX,OFFSET LOOPH 
POP AX 
MDV POSIT,AX 
PUSH BX 
JMP FLOWTHR 

NACK: CMP MCP,4 
JG LL 
DEC MCP 
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Start of message code differentiation 
LL: CMP MCP, 1 

JNZ JJ 
MDV MCP,5 

JJ: NOP 
CMP MCP,4 
JNL GG 
INC MCP 

GG: MDV SHIP,1 
FLOWTHR: MDV AL,20H 

OUT 20H,AL 
IRET 

COMCHAR ENDP 
RET 

MAIN ENDP 
CODE ENDS 

END MAIN 
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